Substituted 3-anilinopropanamides were converted to N-benzyl derivatives via uncatalyzed amine exchange reaction with benzylamine in up to 41% yield. Unprotected aniline nitrogen had been observed to inhibit facile cyclization. An attempt was therefore made to protect the N by acetylation prior to cyclization. During this process, facile ring closure occurred in the methoxy series to give 4-hydroxy-4-N-benzylamino-1,2,3,4-tetrahydroquinolines in up to 69% yield.
Introduction
A lot of attention has been generated by investigations in recent years into the chemistry of 1,2,3,4-tetrahydroquinolines. This is because tetrahydroquinolines are common structural skeletons in several biologically active molecules of industrial and pharmaceutical importance. Several of these compounds are naturally occurring. 2-Methyl-1,2,3,4-tetrahydroquinoline is present in human brain. Discohabdin C, a polycyclic system based on tetrahydroquinoline, is a marine alkaloid. Dynemycin, a natural antitumour antibiotic, has a complex structure built on the tetrahydroquinoline motif [1] . Many relatively simple synthetic 1,2,3,4-tetrahydroquinolines are in use or have been tested as potential drugs. The best known among them is shown in Figure 1 : oxamniquine (1) a schistosomicide, nicainoprol (2) an antiarrhythmic drug and virantmycin (3) an antibiotic. Tetrahydroquinoline L-689,560 (4) is one of the most potent NMDA receptor antagonists (used in anaesthesia) yet found [2, 3] .
The 1,2,3,4-Tetrahydroquinolines
Hundreds of 1,2,3,4-tetrahydroquinoline (TQ) derivatives bearing various simple or complex substituents have interesting biochemical activity. Besides pharmaceutical applications, TQ derivatives are useful as pesticides, antioxidants and corrosion inhibitors [4] . 2,2,4-Trimethyl-8-hydroxy-1,2,3,4-tetrahydroquinoline is a specific reagent for photometric determination of iron (II1) salts. Tetrahydroquinolines are used as active components in various types of dyes: for hair, acrylic fibres, polyesters, and polyamides. (2S)-2,6-Dimethyl-1,2,3,4-tetrahydroquinoline was used in synthesis of chira1 polymethine dyes with interesting optical properties. TQ derivatives are also widely used in modern recording technologies: as charge-transporting agents for electrophotographic photoconductors, as leuco dyes for thermal and pressure sensitive materials, as anti-irradiation filter dyes in photography, in the preparation of optical information recording media, as intermediates for photographic couplers, and as dyes for coloured electrostatographic toners [5, 6] . chemicals, but also as building blocks in alkaloid synthesis [7] . The development of new efficient and convenient approaches to these molecules therefore remains an active research area.
Several synthetic methodologies for preparing tetrahydroquinoline derivatives offering good results have been reported [1] . However, most of them describe the synthesis of the TQ nucleus [8] [9] [10] . Nonetheless, there are still some features requiring improvement in these methods, e.g. the catalysts used are expensive, the systems require special atmospheres and organic solvents are always needed. For example, direct enantioselective access to 4-substituted tetrahydroquinolines by catalytic asymmetric transfer hydrogenation of quinolines requires six steps [11, 12] . Thus, a procedure involving a low-cost, or no catalyst and simple and eco-friendly conditions might be very useful [13] .
Apart from compound (4) which is a potent NMDA antagonist, many other 4-subsituted TQs like martinellic acid, (5) and Helquinoline, (6) displayed in Figure 2 , are useful drugs.
The choice of method for TQ synthesis is determined by key parameters like the nature, number and relative location of the substituent. Until the last decade, a lot of energy was devoted to development of synthetic routes to mono-functional derivatives of TQs while the bi-functional derivatives remained largely uninvestigated [14] . Therefore, one of the objectives of this work is to elucidate a cleaner synthetic route to the 4,4a-disubstituted TQ derivative. Also, it was desired to retain an amino side chain at the 4-position after cyclization, poised for nucleophilic addition of any desired side chain. Some Naryl/alkylpropanamides have been reported to have pharmacological importance as analgesics, antispasmodics, antihistamines and local anaesthetics [15] . The N-aryl/ alkylpropanamides were prepared solely for pharmacological purposes. Their cyclization to 1,2,3,4-tetrahydroquinolines, outlined in this work, has not been previously reported.
Synthesis of N-Benzyl-3-anilinopropanamides
The 3-anilinopropanamides used in this work were prepared, as elucidated in Scheme 1, via an acid-catalysed Michael addition using substituted anilines (7), acrylamide (8) and catalytic amounts of p-toluene sulphonic acid [16] . It was necessary to convert the primary amides to secondary amides because the former were transformed to the corresponding nitriles upon treatment with dehydrating agents. Attempted cyclization of the 3-m-toluidinopropanamide (the aniline nitrogen of which was protected by acetylation) using zinc chloride/acetic anhydride/acetic acid mixture in our laboratory, gave a white solid with a sharp strong band at 2250 cm −1 in the IR spectrum, characteristic of nitrile C stretching. Anilinopropanamides (9) shown in Figure 3 , was achieved by an uncatalyzed amine exchange reaction with benzylamine.
Conversion of the 3-anilinopropanamides to N-benzyl-3-

Cyclization to 4-Hydroxy-4-Nbenzylamino-1,2,3,4-tetrahydroquinoline
In view of the fact that unprotected aniline nitrogen was reported to inhibit facile cyclization [17] , an attempt was made to acetylate the N-benzyl-3-anilinopropanamides prior to cyclization. This was done by refluxing a mixture of the amide and acetic anhydride. In this process, cyclization occurred in the methoxy series forming methoxy-4-hydroxy-4-N-benzylamino-1,2,3,4-tetrahydroquin oline (10), as shown in Scheme 2. All melting points were taken on a Fischer-John's melting point apparatus. Silica gel 60 PF 254 + 366 (UVactive) was used for TLC. Infrared spectra were taken on a Perkin Elmer Spectrum 100 FTIR spectrophotometer.
1
H NMR spectra were obtained on a Bruker 400 instrument, using deuterochloroform with tetramethyl silane as internal standard. Microanalysis was carried out by Mickroanalytisches Labor Pascher, Remagen, Germany.
forming white fluffy crystals (11.4 g, 36%), melting at 250˚C.
N-Benzyl-3-p-anisidinopropanamide
A mixture of 3-p-anisidinopropanamide (20.0 g, 0.10 mol) and benzylamine (10.7 g, 0.10 mol) was heated under reflux on a sand bath. Solids formed only after about one hour and the mixture was dispersed in CHCl 3 and filtered. The dirty white solid obtained was recrystallized from benzene forming white amorphous substance (12.09 g, 41%), melting at 224˚C.
N-Benzyl-3-o-anisidinopropanamide
A mixture of 3-o-anisidinopropanamide (55 g, 0.28 mol) and benzylamine (30 g, 0.28 mol) was heated under reflux on a sand bath. After 48 hrs, solids formed and the mixture was dispersed in CHCl 3 and filtered. The solid was recrystallized from benzene forming a white, fluffy amorphous compound (32.18 g, 40%), melting at 190˚C.
N-Benzyl-3-m-toluidinopropanamide
A mixture of m-toluidinopropanamide (60, 0.33 mol) and benzylamine (64.2 g, 0.66 mol) was put in a 250 ml round bottom flask fitted with a reflux condenser. This was heated on a sand bath (T = 160˚C -170˚C) for twenty five hours. Ammonia was evolved and the reaction was monitored by TLC. Work up was done by washing several times with water (to remove benzylamine) until washings were neutral to pH indicator paper. The
N-Benzyl-3-m-anisidinopropanamide
A mixture of 3-m-anisidinopropanamide (21.5 g, 0.11 mol) and benzylamine (11.79 g, 0.11 mol) was heated under reflux on a sand bath. Solids formed only after about one hour and the mixture was dispersed in CHCl 3 and filtered. The solid was recrystallized from benzene mixture diluted with CH 2 Cl 2 , dried over anhydrous Na 2 CO 3 , and the solvent removed leaving a thick oil.
N-Benzyl-3-anilinopropanamide
A mixture of 3-anilinopropanamide (35 g, 0.213 mol) and benzylamine (45.74 g, 0.42 mol)-a 1:2 ratio-was heated under reflux on a sand bath. After twelve hrs, the starting material spot was still very large. So a 1:1 ratio of starting materials was taken and refluxing resumed. Solids formed in the reaction vessel after two hours. The mixture was dispersed in CHCl 3 , filtered and solid recrystallized from benzene giving fluffy white needles (7.61 g, 14%), melting point 210˚C -212˚C. 
7-Methoxy-4-hydroxy-4-N-benzyl-1,2,3,4-tetrahydroquinoline
8-Methoxy-4-hydroxy-4-N-benzyl-1,2,3,4-tetrahydroquinoline
A mixture of N-benzyl-3-o-anisidinopropanamide (22 g, 0.08 mol) and acetic anhydride (11.9 g, 0.12 mol) was refluxed for thirty minutes. The reaction mixture was cooled, poured into distilled water. This was boiled to decompose excess acetic anhydride, the organic layer separated, diluted with CH 2 Cl 2 , washed thoroughly with water and dried over anhydrous sodium carbonate. The solvent was removed in vacuo and the resulting thick liquid gave three spots on TLC. The purified material crystallized on cooling and recrystallization from chloroform gave a soft white solid (7.0 g, 28%) melting at 54˚C -55˚C. Calcd., for C 17 H 20 N 2 O 2 : C, 71.80; H, 7.09; N, 9.85. Found: C, 72.09; H, 7.39; N, 9.35.
6-Methoxy-4-hydroxy-4-N-benzyl-1,2,3,4-tetrahydroquinoline
A mixture of N-benzyl-3-p-anisidinopropanamide (10.0 g, 0.035 mol) and acetic anhydride (5.5 g, 0.053 mol) was refluxed for thirty minutes, cooled, poured into distilled water (200 ml) and boiled to decompose excess acetic anhydride. The organic layer was separated, diluted with CH 2 Cl 2 , washed thoroughly with water and dried over anhydrous sodium sulphate. The solvent was removed in vacuo and the resulting thick liquid was purified by TLC. The product, a light yellow oil (3.45 g, 30%) did not crystallize even after prolonged cooling. Hydroxy-4-N-benzyl-1,2,3,4 tetrahydroquinoline A mixture of N-benzyl-3-anilinopropanamide (6.0 g, 0.024 mol) and acetic anhydride (3.62 g, 0.035 mol) was refluxed for thirty minutes, cooled, poured into distilled water (200 ml) and boiled to decompose excess acetic anhydride. The organic layer was separated, diluted with CH 2 Cl 2 , washed thoroughly with water and dried over anhydrous sodium sulphate. The solvent was removed in vacuo and the resulting thick yellow oil was purified by TLC. The product, a light yellow oil (2.4 g, 35%) did not crystallize even after prolonged cooling.
4-
Results and Discussion
The N-benzyl-3-anilinopropanamides were prepared via protonation of the carboxamide group and the attack of the amine on the β-carbon of acrylamide. The elegance of this procedure was that it took place between the neat reagents, p-TOSA catalysing. The high reactivity of the aniline ortho-carbon atoms towards electrophiles allows easy cyclization of anilines with an N-alkyl group carrying an electrophilic centre at the C-3. Such compounds were obtained by reactions of N-alkylidene anilines with allylmagnesium bromide. Physical and IR spectral data of the N-benzyl-3-anilinopropanamides are presented in Table 1 while their elemental analyses are presented in Table 2 .
The N-H stretching frequencies occur as a range in the region 3300 -2940 cm −1 with multiple strong bands in this region. This is expected of secondary amides which exist mainly in the trans-configuration. The free N-H band is observed as multiple bands since the amide group can bond to produce dimers with a cis-conformation and polymers with a trans-conformation. The amide II bands are found at lower frequency than that of the primary amides.
Elemental analyses of these N-benzyl-3-anilinopropanamides gave lower values for carbon than the calculated values. This is probably due to incomplete removal of chloroform, the solvent used for re-crystallization. Values for hydrogen and nitrogen agreed with the calculated values.
1 H-NMR of the N-benzyl-3-anisidinopropanamides is displayed in Scheme 3. These are in agreement with subsequent results [18] . 
Conclusion
Five N-benzyl-3-anilinopropanamides have been synthesized and characterized. Cyclization of the methoxy series to 4-hydroxy-4-N-benzyl-1,2,3,4-tetrahydroquinolines is hereby reported.
